Introduction
============

Many reports have demonstrated the involvement of dietary salt in the development and progression of hypertension. Conversely, salt reduction has been reported to be effective in the prevention and treatment of hypertension ([@B1]-[@B3]). Salt reduction is especially important in Japan, where the incidence of stroke, a major outcome of hypertension, is several times higher in comparison to the United States and European countries ([@B4],[@B5]).

Although the World Health Organization (WHO) recommends a salt intake of \<5 g/day ([@B6]), the recommended salt intake in Japanese adults was set at \<8 g for men and \<7 g for women in the "Dietary Reference Intakes for Japanese (2015)" established by the Japanese Government and the Ministry of Health, Labour and Welfare (MHLW) ([@B7]). According to the National Health and Nutrition Survey Japan (2015) by the MHLW, the mean daily salt intake is 11.1 g and 9.4 g in Japanese men and women, respectively, which is higher in comparison to men and women in the United States and European countries.

Thus, the reduction of one\'s salt intake is a major issue that cannot be avoided in the prevention and treatment of hypertension in Japan.

In the present study, we surveyed more than 2,000 participants about their salt intake-related lifestyle and their day-to-day diet using the Salt Check Sheet, and examined the correlations among the salt check scores, the daily salt intake and their periodic health checkup results.

Materials and Methods
=====================

A total of 2,317 participants received a health checkup in 2014 and provided their consent to participate in this study. They answered a questionnaire based on the Salt Check Sheet ([@B8]) created by Tsuchihashi et al., and we analyzed the correlation between their scores and their daily salt intake (estimated by a urinalysis). Of the 2,317 participants who provided consent to participate in this study, 116 participants were excluded from the analysis due to insufficient data regarding the Salt Check Sheet \[56\], health check \[57\], and urinalysis \[8\] (5 had multiple types of insufficient data). Thus, a total of 2,201 participants (95.0%) were included in the analysis.

We also analyzed the correlation between the results of a lifestyle survey and those of laboratory testing performed at the time of the health checkup. The present study was approved by the Ethics Committee on Human Tissue and Genome Research of Shionogi.

To examine salt intake-related lifestyle, we prepared a questionnaire ([Table 1](#t001){ref-type="fig"}) consisting of 13 items related to eating habits, based on the Salt Check Sheet ([@B1]). This 13-item questionnaire is composed of 3 categories of questions that inquire about the respondent\'s salt intake-related lifestyle (the frequency of eating salty food \[7 items\], eating behavior \[4 items\], and consciousness of eating behavior \[2 items\]). Each item is scored on a 3- or 4-point scale from A to D (A: 3 points, B: 2 points, C: 1 point, and D: 0 points). The maximum possible total score was 35 points. We also asked the participants whether they had received a diagnosis of hypertension or diabetes mellitus. No information was provided to the respondents about scoring (score allocation) or the 3 question categories.

![Questionnaire Items (Salt Check Sheet).](1349-7235-56-2423-t001){#t001}

To estimate the participants\' daily salt intake, we examined the urinary sodium and creatinine concentrations using spot urine samples collected at the time of their health checkup (SRL, Osaka, Japan). We defined the estimated daily salt intake using a formula created for estimating the 24-hour urinary salt excretion ([@B9]):

Among all of the examination and interview items that were collected at the periodic health check in 2014, the following items were analyzed: age, height, body weight, body mass index (BMI), blood pressure, serum creatinine, HbA1c, blood glucose, uric acid, brain natriuretic peptide (BNP), weight gain or loss, exercise habits, walking speed, sleeping hours, smoking habits, whether the participant eats breakfast or not, the time that the participant eats dinner, habits regarding the eating of post-dinner snacks, eating speed, and drinking habits.

Participants who had already received a diagnosis of hypertension and who were currently treated with antihypertensive medications and participants who had a systolic blood pressure (SBP) of ≥140 mmHg or a diastolic blood pressure (DBP) of ≥90 mmHg at the health checkup were defined as "hypertensive". The other participants were defined as "non-hypertensive". Among the 2,201 participants in the study population, 346 participants were hypertensive, and 1,855 were non-hypertensive. One hundred ninety-three of the 346 hypertensive participants received antihypertensive drugs (treated participants), and 153 received no medications (untreated participants). The participants who had already received a diagnosis of diabetes mellitus were defined as "diabetic".

Results
=======

The baseline characteristics and the questionnaire results (Salt Check Sheet)
-----------------------------------------------------------------------------

The baseline characteristics, including gender, age, BMI, height, body weight, systolic blood pressure, diastolic blood pressure, serum creatinine, HbA1c, blood glucose, serum uric acid, BNP, estimated salt intake and salt check scores, of the hypertensive and non-hypertensive participants are summarized in [Table 2](#t002){ref-type="table"}.

###### 

Baseline Characteristics.

  Parameter                         Hypertension   Non-hypertension   p value\*   Overall
  --------------------------------- -------------- ------------------ ----------- --------------
  Gender: rate of male (%)                                                        66.7
  Age                               51.95±7.65     42.25±9.64         \<.0001     43.78±10.00
  BMI (kg/m^2^)                     25.18±3.86     22.06±2.98         \<.0001     22.55±3.33
  Height (cm)                       168.51±7.33    167.17±8.11        0.0023      167.38±8.00
  Body weight (kg)                  71.59±12.07    61.91±10.80        \<.0001     63.43±11.56
  Systolic blood pressure (mmHg)    134.65±15.88   112.68±11.02       \<.0001     116.13±14.35
  Diastolic blood pressure (mmHg)   87.69±10.74    70.08±8.87         \<.0001     72.84±11.20
  Blood creatinine ( mg/dL)         0.85±0.20      0.77±0.15          \<.0001     0.78±0.16
  HbA1c (%)                         5.50±0.70      5.19±0.42          \<.0001     5.24±0.49
  Blood glucose (mg/dL)             99.16±19.18    88.62±12.66        \<.0001     90.27±14.40
  Serum uric acid (mg/dL)           6.13±1.34      5.29±1.32          \<.0001     5.42±1.36
  BNP (pg/mL)                       11.67±16.50    11.14±9.91         0.5711      11.24±11.49
  Urine Na (mEq/L)                  139.42±47.01   144.65±51.33       0.0622      143.83±50.70
  Urine creatinine (mg/dL)          154.23±70.74   171.01±83.78       \<.0001     168.37±82.08
  Estimated salt intake (g/day)     8.96±2.00      8.44±2.01          \<.0001     8.52±2.02
  Sum of salt check scores          13.96±4.34     13.45±4.00         0.0421      13.53±4.05

\*Welch t-test

BMI: body mass index, HbA1c: Hemoglobin A1c, BNP: brain natriuretic peptide

The study population of 2,201 participants included 1,469 men and 732 women; 66.7% of the participants were men. The mean (±SD) age was 43.78±10.00 years. The age, BMI, height, body weight, systolic blood pressure, diastolic blood pressure, serum creatinine, HbA1c, blood glucose, serum uric acid, estimated salt intake and salt check scores of the hypertensive group were significantly higher in comparison to the non-hypertensive group. The mean salt check scores were 13.53±4.05, and the mean estimated daily salt intake was 8.52±2.02 g ([Table 2](#t002){ref-type="table"}). The histograms of both parameters showed a nearly normal distribution with the mean value at the center.

Regarding the impact of the 13 questionnaire items on the estimated daily salt intake, a multivariate linear regression model revealed strong correlations (in both the t value and p value) between the salt intake and scores on 5 items ("Pickled plums", "Noodles", "How often do you season food with sauce or soy sauce?", "Do you drink the remaining soup from udon, ramen?", and "Do you think you eat a lot?"). On the contrary, 3 items ("Japanese rice crackers/potato chips," "Do you eat out for lunch or buy a lunch box at a convenience store?" and "Do you eat out or buy ready-made side dishes for dinner?") were negatively correlated with the estimated daily salt intake ([Table 3](#t003){ref-type="fig"}).
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The correlation between the salt check scores and the estimated salt intake
---------------------------------------------------------------------------

A univariate linear regression model was fitted to the data with the estimated daily salt intake as the response variable and the sum of the salt check scores as the explanatory variable. The salt check scores were weakly correlated with the estimated daily salt intake. [Figure 1](#g001){ref-type="fig"} shows a scatter plot with the estimated daily salt intake on the vertical axis and the salt check scores on the horizontal axis. It also presents the regression equation and the contribution rate determined when fitting the univariate linear regression model with the estimated daily salt intake as the response variable and the salt check scores as the explanatory variable. The values of a=7.61, b=0.07, and r2=0.018 in the figure indicate y-intercept, regression coefficient, and contribution rate, respectively. The correlation coefficient (the square root of the contribution rate) was 0.13.

![A scatter plot showing the association between the estimated salt intake and the salt check scores. The estimated daily salt intake is shown on the vertical axis and the salt check scores are shown on the horizontal axis (n=2,201).](1349-7235-56-2423-g001){#g001}

A one-way analysis of variance was performed to examine whether there were significant differences in the mean salt check scores and the mean daily salt intake among the subgroups defined by each baseline characteristic ([Fig. 2](#g002){ref-type="fig"}). In the 4 subgroups defined by age (\<30 years, 30-39 years, 40-49 years, and ≥50 years), the salt check scores did not change to a significant extent with an increase in age (p=0.3551), while the estimated salt intake significantly increased with increasing age (p≤0.0001). Men had significantly higher values than women for both the salt check score and the estimated salt intake (p≤0.0001). Hypertensive participants had significantly higher values than non-hypertensive participants for both the salt check score (p=0.0310) and the estimated salt intake (p≤0.0001). The subgroup of participants with high BMI values (≥25 kg/m^2^) had significantly higher values than the subgroup of participants with low BMI values (\<25 kg/m^2^) for both the salt check score and the estimated salt intake (p≤0.0001). Participants with a high fasting blood glucose level (≥126 mg/dL) had significantly higher salt check scores (p=0.0095) than those with a glucose level (\<126 mg/dL), while no significant difference was observed in their salt intake (p=0.4951). Participants with high HbA1c values (≥6.5 %) had significantly higher salt check scores (p=0.0495) than those with low HbA1c values (\<6.5 %); however, no significant difference was found in the estimated salt intake (p=0.4870).

![A comparison of the salt intake and the salt check scores stratified by age (a), gender (b), hypertension (c), BMI (d), blood glucose (e), and HbA1c (f).](1349-7235-56-2423-g002){#g002}

The salt check scores and the estimated salt hypertensive and non-hypertensive group
------------------------------------------------------------------------------------

We analyzed the effect of the estimated salt intake on hypertension. Hypertensive participants had significantly higher values for both the salt check score and the estimated salt intake in comparison to non-hypertensive participants. As shown in [Table 2](#t002){ref-type="table"}, there were significant differences between the two groups in all of the baseline characteristics other than the BNP level. Although there was no significant difference between the hypertensive group and the non-hypertensive group in the degree of correlation between the two variables, the degree of correlation between the two variables in the untreated hypertensive participants was higher than that in the treated hypertensive participants, when the correlation among hypertensive participants was analyzed according to the use or non-use of antihypertensive medications ([Fig. 3](#g003){ref-type="fig"}). Analyses stratified by age, gender, and blood pressure revealed similar tendencies in the correlation between the salt check scores and the estimated daily salt intake in all of those subgroups. On the other hand, the salt check score was not correlated with the estimated salt intake in the subgroups defined by BMI, blood glucose level, HbA1c level, or diabetes mellitus ([Fig. 4](#g004){ref-type="fig"}).

![The relationship between the estimated salt intake and the salt check scores in (a) participants with or without hypertension and (b) hypertensive participants with or without treatment.](1349-7235-56-2423-g003){#g003}

![The relationship between the estimated salt intake and the salt check scores stratified by age (a), gender (b), BMI (c), blood glucose (d), HbA1c (e), and the presence of diabetes (f).](1349-7235-56-2423-g004){#g004}

Discussion
==========

In the present study, we surveyed more than 2,000 participants about their salt intake-related lifestyle using the Salt Check Sheet, and demonstrated a loose correlation between the salt check score and the salt intake in both the overall population and in hypertensive participants. In addition, among the hypertensive participants, there was a clear difference in the degree of correlation between the treated participants and the untreated participants. Regarding the correlation between the salt check score and the daily salt intake in subgroups defined by baseline characteristics, the salt intake increased with increasing age; however, the salt check scores remained almost unchanged, suggesting that older people tend to eat more traditional Japanese foods that have a higher salt content. The two variables showed a higher degree of correlation in men than in women and among the sub-group of participants with higher BMI values. Similar trends were reported by previous study ([@B4]). The higher blood glucose level and higher HbA1c level subgroups showed higher salt check scores, but a similar daily salt intake in comparison to the normal blood glucose level and normal HbA1c level subgroups, suggesting that they might be careful about their intake of salty food.

Despite eating a sufficient amount of food, some of the participants with low BMI values might have suffered from poor nutrient absorption or excessive energy consumption. On the other hand, since diabetic participants might receive dietary instructions and might be more conscious about their salt intake, they might have overestimated their salt intake when answering the questionnaire.

Many reports have stated that excessive drinking is a risk factor for the development of hypertension ([@B10]). This may partly be explained by our observation that a higher frequency of alcohol consumption and a greater volume of alcohol consumption were correlated with a higher daily salt intake. On the other hand, although excessive smoking was a risk factor for hypertension, smoking habits were not correlated with the participants\' daily salt intake ([@B11]).

In the present study, the mean daily salt intake, which was estimated from spot urine samples, was 8.52 g (men: 8.76 g, women: 8.04 g). Although these values were lower than those reported in the National Health and Nutrition Survey Japan (2015) by the MHLW (men: 11.1 g, women: 9.4 g), the MHLW "Dietary Reference Intakes for Japanese (2015)," proposed a target of 7-8 g/day or less, and the "Guidelines for the Management of Hypertension 2014" recommended an intake of 6 g/day or less. Furthermore, the WHO sets the target salt intake at 5 g/day or less ([@B7]). Thus, a more active, national salt reduction campaign may be necessary.

We demonstrated that hypertensive participants had a higher daily salt intake than non-hypertensive participants, and that the salt check scores showed that hypertensive participants had a higher daily salt intake-related lifestyle scores than their non-hypertensive participants. Among participants with hypertension, a higher degree of correlation between the two variables was found in the untreated hypertensive participants in comparison to participants who were treated with antihypertensive drugs. This suggested that treated participants took care of salt intake-related lifestyle. In addition, the urinary salt excretion was enhanced by the effects of various types of antihypertensive drugs, due to the effect of salt sensitivity on the participants\' response to anti-hypertensive drugs ([@B12],[@B13]).

In the present study, the estimated daily salt intake was weakly correlated with the total score on the Salt Check Sheet (correlation coefficient: 0.13, r^2^=0.018). We therefore analyzed the adequacy of each item in the questionnaire questions, and found that 5 of the 13 questions were positively correlated with the estimated daily salt intake, while three items were negatively correlated. The total score of the 5 positively correlated items showed a stronger correlation coefficient (0.21, r^2^=0.046) than the score of all 13 items ([Fig. 5](#g005){ref-type="fig"}). These 5 positively correlated items seem to be objective parameters, while the other questions might not coincide with the contemporary dietary habits of the general working-age population. However, it should be noted that all 13 questions are reported to be correlated with hypertension, and that if only 5 items were investigated, it might be difficult to utilize hypertension patients in providing general dietary guidance.

![The estimated salt intake and the sum of the salt check scores (5 items). The 5 items are "Pickled plums", "Noodles", "How often do you season food with sauce or soy sauce?", "Do you drink the remaining soup from udon, ramen?", and "Do you think you eat a lot?"](1349-7235-56-2423-g005){#g005}

The present study is associated with several limitations. First, statistically significant regression coefficients were likely yielded by fitting univariate and multivariate linear regression models, since this study had a relatively large population (n=2,201). Thus, we consider it necessary to take clinical implications into account when interpreting the results. Second, the finding that the mean salt intake of 8.52 g among participants in this research was lower than the mean salt intake of 10.0 g in the MHLW National Health and Nutrition Survey Japan (2015), might be attributable to the fact that the participants were employees of a pharmaceutical company that was engaged in health promotion. Third, we analyzed the significance of the correlation between the daily salt intake and each item score by fitting a multivariate linear regression model with the estimated daily salt intake as the response variable and the scores of each of the 13 items of the questionnaire as the explanatory variable. Unexpectedly, negative correlations were observed for 3 items, probably because the frequency of eating traditional Japanese foods is decreasing as a result of a westernized diet and lifestyle changes ([@B14],[@B15]).

In conclusion, a weak correlation was found between the total score on the Salt Check Sheet and the salt intake. Five of the questions were more strongly correlated with the salt intake.
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